4 Design

e "Programming in the large”

e GOAL: transform requirements (requirements specification, product
model) into
— software architecture = decomposition into system components

— specification of system components
class, ADT, abstract data object, function module
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Example: Layered Architecture

e hierarchy of system components, grouped in layers
e inside of layer: arbitrary access between components

e between layers
— access restricted to lower layers: linear (OSl), strict, treeshaped

— small interfaces
e advantages: clarity, reusability, maintainability, testability

e disadvantages: loss of efficiency, no restrictions inside layers
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Typical Setup

I/O layer

user interface

dialogue
layer

application
specific

application

application
general

logical
data access

data management

physical
data access
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Example: Pipes and Filters Architecture

TakeOrders ShipOrders ProcessPayments

Data

e Tasks process/transform data independently of each other
e Adding and replacing subsystems easy

e ITraditional Unix view
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Example: Three-Tier Architecture

Userlinterface

TransactionManagement

e Three kinds of subsystems

— user interface
— control

— database

e Enables consistent look-and-feel

e Useful with single data repository
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4.1 From Analysis to Design

e sequential <> parallel/distributed /concurrent?
e.g.: distributed — Client/Server

e single user <» multi user? — access rights, transactions?
e assignment of layers to Client/Server

e support for different platforms? — Ul-Builder instead of GUI
e reuse’

e help systems?

e DBMS (relational, O0)?

e user interface (GUI, Ul-Builder, ...)

e middleware, legacy systems?

e Goal: rely on powerful services to reduce cost
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4.1.1 Concepts and Methods

abstraction components method Progr.-Language
none - - assembly
functional functions/proc. | SD Pascal, C

+data ADO SD (Buhr) | Modula 2

+data ADT O0SD Ada

+inheritance | classes UML Eiffel, C++, Java

e abstraction mechanisms important for design
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4.1.2 Choosing methods

e product model from analysis starting point for design

e design should be compatible to analysis

Analysis
\
SA OOA ER DT
J
Design Y
functional Y relational rule-based
- - - — — —
" abstraction data base expert system
|
3 ! data abstr.
2 = - > 00-data base
© ! using ADOs
g |
S |
! data abstr.
| = -
" using ADTs
|
Y '-» O0OD -
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4.2 Services

4.2.1 User Interfaces

1.
2.

operating system and compiler services too expensive

graphical user interface platform dependent
e.g. Windows 95 Presentation Manager, Motif

Ul-Toolkit platform independent
Frameworks, Java AWT, Swing

Ul-builder and form generators

UIMS (user interface management system) e.g. Visual Cafe
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Graphical User Interfaces
e library for WIMP programming (window, icon, menu, pointing
device)
e GUI accepts, interprets, and transmits events to application

e — application runs concurrently with GUI and reacts on events
unforeseeable sequence of events — independent components
(design)

e communication via callback:
application registers callbacks (procedures) for events of interest
event actives application procedure via callback

e connection between application and GUI via API (application
program interface)

e often C-interface
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Use of a GUI

NV Programmer

Application 3 - = Application 3
GUI - = Application 2
g
— = ™ Application 1
Application 1
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User Action

Callbacks

direct processing with GUI /

Av sizing event
window
FU1l | FU2
A menucommarid event
B button
N event
( button J

key event

callback lists

menu
FU1 |[Procl
FU2 | Proc 2

button
press | Proc 3
rls Proc 4
] key
event- and down | Proc 5
translation up Proc 6
manager
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callback

application

Proc 1
Menuevent(FU1)
case A: ...

case B: ...

Proc 3
on Buttonclick:
if ..
Proc 5
InputControl::Keydown
if (e.ASClIChar()==X)




Ul-Toolkits

e more complex functionality like a GUI
e OO-GUI-class library (C++-, Smalltalk- or Java-interface)

e platform independent

Application 3
] .
GUI1 Programmer
Application 1
- * Application 3
l Ul-Toolkit [= >| Application 2
= - Application 1
Application 3
—~ GUI 2
API
Application 1
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OO-GUI-class library

Java AWT
(simplified)

Customer

Name

New

GUI
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Object
1 » 1
AWTEventMulticaster Component FlowLayout
LB | / | |
ActionListener Button Label quﬁOo_B_oo:m:* Container
TextField Window
Programmer oB%mm% network of objects Frame
— — . 0
:Frame ‘Label ‘Button Application
Text="Name" label= :OC;: Customer
Name
‘TextField Init
:Button text=
label= "New" Customer
Name=




Example: Java AWT

import java.awt.*; import java.awt.event.x*;

public class CustomerGUI extends Frame implements ActionListener{

protected Customer customer = new Customer();
private Button newButton = new Button("New");

private Button quitButton = new Button("Quit");

private Label textlabel = new Label("Name");
private TextField nameEntry = new TextField(10);

public CustomerGUI(){...}
public void actionPerformed(ActionEvent event){...}
static public void main(String[] args){

new CustomerGUI() ;
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public CustomerGUI(){
super ("CustomerGUI") ;
setLayout (new FlowLayout());

newButton.addActionListener(this) ;
quitButton.addActionListener (this);

nameEntry.setEnabled(true) ;
nameEntry.setText ("");

nameEntry.addActionListener (this);

add (textlabel) ;
add (nameEntry) ;
add(quitButton) ;
add (newButton) ;

setBounds (400,400,150,200) ;
show () ;
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public void actionPerformed(ActionEvent event) {
try {
if (event.getSource() .equals(newButton))
customer.init(nameEntry.getText());
else if (event.getSource() .equals(quitButton))
dispose();
}
catch (Exception e) {
e.printStackTrace();
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public class Customer {

protected String name;
public Customer() {;}

public void init(String n)
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Form generator

e generates forms from relational data base schema

Application 3
generated o relational
- GUI [+ ~——Application<+——>
code data base
Application 1
API
form ER-
g
generator model
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Ul-Builder

e interactive, graphical editing of components of user interface
(windows, menus, buttons, etc)

e Ul-Builder generates code

Ul-Builder/
. —_—
ergonomist UIMS
Application 3
generated o
~— GUI > ~—— Application
code
Application 1

259



UIMS (user interface management system)

e graphical construction of GUI components like Ul-Builder

e in addition: context dependent definition of the structure of a dialog

using rules, scripting language, or programming language

e state of the art
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4.2.2 Expert Systems
e Expert systems solve complex problems using formalized knowledge
(diagnosis, construction, ...)
e Knowledge = data + applicability
e classical knowledge representation: rules

e separation between application-specific knowledge and general
problem-solving strategy
— knowledge base + expert system-shell
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Structure of expert system

® ®
user N/ N domain
expert
) \ P
y Y
user interface
» A
« expert system| shell y
interviewer explanation knowledge acq.
component component component

!

inference engine

!

Y « Y

Y knowledge base Y

specific knowledge, temp. results, domain knowledge

262



Strategies for problem solving

e Direction of search

1. forward chaining:
deduce goal step-by-step starting from known facts

(— deductive DBMS)

2. backward chaining:
transform goal step-by-step to facts (— Prolog)

3. combination: (— magic-set transformation)

e Selection of next location
1. depth-first: continue with last results first

2. breadth-first: continue with first results first
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Example: Strategies

Rules:

Sequence of nodes that derives d:

depth-first search, backwards: 7,4,1,2

g
a=>

alf=c

c=d
e =d
g=d
g=h

breadth-first search, backwards: 7,4,5,6,(1,2)

depth-first search, forwards: 1,3,2,4,7
breadth-first search, forwards: 1,2.6,3,4,7
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Example:

works(printer) :-
works (current_supply), present(toner),
present (paper), — present(paper_jam),
— defekt(printer).

works (current_supply) :-
turned_on(printer), plugged_in(plug),
present (current), works(cable).

turned_on(printer).

plugged_in(plug) .

present (current) .

present (paper) .

potential output: works(cable)?
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4.2.3 Implementation of persistent storage

Files: only if
e data has simple structure,
e only single user / single system,
e simple and invariable access, and

® No recovery required.
Relational DBMS (— Kursvorlesung “data base systems”)

OO data base suitable with OOA, OOD und OOP;
complicated objects, encapsulation of data and operations

deductive DBMS
large amounts of data, inference engine required
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4.2.4 Distributed applications

Client/Server architecture > Web-Architecture

Client/Server architecture
e Application divided in client-part and server-part

e — five possible divisions with standard (six) layer architecture
(thin client — fat client)

e characteristics fixed in the requirements
(# of users, operating systems, data base systems, ...)

advantages traceability of user session, special protocols, design
influenced by # users

disadvantages bad scalability, distribution of client software, bad
portability
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Web architecture

e Client requirements: Web browser (user interface)

e Server requirements:

— Web server (distribution of documents, communication with
application)

— application server (application-specific and application-general objects)

— data base server (persistent data)

advantages scalability (very high number of users, in particular with

replicated servers), maintainability (standard components), no software
distribution required

disadvantages restriction to HT TP, stateless and connectionless protocol

requires implementation of session management, different Web browsers
need to be supported

Recent technology addresses some of the disadvantages: Servlets, ASP, ...
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4.2.5 Middleware

Connection of objects in Client/Server architecture
Prefabricated Components

e Sockets (TCP/IP, ...)

e RPC

¢ RMI

e SOAP (Simple Object Access Protocol)

e COM (Distributed Component Object Model)

e Corba (Common Object Request Broker Architecture)
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Sockets

e management of network connection
e provides (virtual) communication stream to host
e also inter-process communication (IPC)

e custom protocol

270



Remote Procedure Call (RPC)

e procedure call across process and system boundaries (heterogeneous)
e client stub “marshalls” arguments into network format
e client sends to server and waits for answer

e server demarshalls arguments, calls procedure, marshalls the answer, and
sends it back to client

e client stub receives answer, demarshalls it, and returns the value

opplicmtion) T id) ) T Mpplication
T S @ T or
a t i a B TweT
n w w n
u o o u
P T T P
o L L o
T T
i . . &
Application apembe
BRC proced ure imwecations REC
atub and returme wtulb
program ProgTRIm
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Remote Method Invocation (RMI)

e specific to Java

e implements method calls
— dynamic dispatch
— access to object identity (self, this)

e object serialization (marshalling)
e access via interfaces

e easy to use
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Simple Object Access Protocol (SOAP)

e protocol specification for invoking methods

e based on HTTP plus extensions
reason: internet security, firewalls

e encodes information using XML / XML Schema
reason: standard, extensibility

POST /StockQuote HTTP/1.1

Host: www.stockquoteserver.com
Content-Type: text/xml; charset="utf-8"

Content-Length: nnnn

SOAPAction: "Some-URI"

<SOAP-ENV:Envelope ...>
<SDAP-ENV: Body>
<m:GetLastTradePrice xmlns:m="Some-URI">
<symbol>DIS</symbol>
</m:GetLastTradePrice>
</SOAP-ENV:Body>
</SOAP-ENV:Envelope>
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Distributed Component Object Model (DCOM)

e proprietary format for communication between objects
e binary standard (not language specific) for “components”

e COM object implements interfaces (at least one)

— described by IDL (interface definition language) or stubs etc. directly
generated by tools

— immutable

— may be queried dynamically

e COM services

— uniform data transfer IDataObject (clipboards, drag-n-drop, files,
streams, etc)

— dispatch interfaces IDispatch combine all methods of a regular
interface into one method

— outgoing interfaces (required interfaces, female connector)
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Example: COM

I[Unknown

T

l0leObject O—
IDataObject O—

IPersistStorage O—

|OleDocument (O)—

[ uuid (00000000-0000-0000-C000-000000000046) 1]
interface IUnknown {
HRESULT QueryInterface ([in] const IID requestedIID,
[out, iid_is(requestedIID)] void **ppvObject);
ULONG AddRef ( );
ULONG Release ( );
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Common Object Request Broker Architecture (CORBA)

e emerging open distributed object computing infrastructure
) by OMG (Object Management Group)

e manages common network programming tasks
— object registration, location, and activation;
— request demultiplexing;
— framing and error-handling;
— parameter marshalling and demarshalling; and

— operation dispatching

e extra services
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OMG Reference Model Architecture

APPLICATION DOMAIN COMMON
INTERFACES INTERFACES FACILITIES
A A A A A A A A A

OBJECT REQUEST BROKER

¥ ] Y
OBJECT

SERVICES
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CORBA Services

Object Services domain-independent interfaces
e naming service (find objects by name)
e trading service (find objects by properties)
e lifecycle management, security, transactions, and event

notification

Common Facilities oriented towards end-user applications
Example: Distributed Document Component Facility (DDCF)
presentation and interchange of documents

Domain Interfaces oriented towards specific application domains
Example: Product Data Management (PDM) Enablers for the
manufacturing domain

Application Interfaces application-specific (not standardized)
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CORBA ORB Architecture

INTERFACE IDL
REPOSITORY COMPILER

IMPLEMENTATION
REPOSITORY

............ m args
—
CLIENT 0BJ operation() Mwmﬁmw
out Eﬁm + return value ﬁ ﬁ
IDL

IDL TEQDL T_ i

Ll OBJECT
STUBS Eqm_ﬂmmnm ﬁ ADAPTER

EGEHE_.

O STANDARD INTERFACE O STANDARD LANGUAGE MAPPING

. ORB-SPECIFIC INTERFACE Omﬂﬁummb PROTOCOL
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Object identity + interface + implementation (Servant)

Servant implementation of the operations that support a CORBA IDL
interface (C, C++, Java, Smalltalk, Ada, ...)

Client invokes an operation on an object implementation;
location should be transparent

Object Request Broker (ORB) provides transparent communication
of client requests to target object implementations;

responsible for finding the object implementation, transparently
activating it if necessary, delivering the request to the object, and
returning any response to the caller.

ORB Interface abstracts from ORB implementation (such as one or
more processes or a set of libraries);
provides helper functions (serialization, building argument lists, etc)
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CORBA IDL stubs and skeletons
“glue” between client and server applications and the ORB;
CORBA IDL compiler : CORBA IDL — target PL

Dynamic Invocation Interface (DII)
direct access to request mechanisms provided by ORB;
Issuing requests to objects without interface-specific stubs

Dynamic Skeleton Interface (DSI)
server-side analogue to client-side DII;
ORB can deliver requests to an object implementation that does not
have compile-time knowledge of the type of the object it is
implementing;

transparent to client

Object Adapter assists the ORB with delivering requests to the object
and with activating the object
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4.3 Object-oriented Design (OOD)

starting point: OOA model

steps: 1. architectural design

2. implementation design
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Architectural Design

e user interface, persistent data management, system interfaces
e deployment

e adaption, extension, and refinement of OOA model
— OOD model (e.g. in UML): navigation, container classes, etc

e reuse: class libraries, components (Halbfabrikate)

Implementation Design

e tailoring to programming language

e transformations: multiple — single inheritance; elimination of inheritance
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Class Libraries

e commercial or part of IDE

e GUI, graphics, data structures and algorithms, data base access,

communication

e organization principles
tree relies on inheritance (one root class); complicated to use
forest loosely coupled classes with shallow inheritance relations

flat independent classes; parameterized; easy to use
o . adaptable system of cooperating classes
e multiple implementations of interface with different features

e adapter classes
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Components

e spell checking, diagrams, HTML rendering

e independence of language, platform, and location

e interoperability: CORBA, COM

Design Patterns

e simple and elegant solutions to specific problems in object-oriented
software design captured in succinct form

e have developed and evolved over time

e Gamma, Helm, Johnson, Vlissides: Design Patterns, Elements of
Reusable Object-Oriented Software, Addison Wesley, 1995.
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4.3.1 Architectural Design

Extending the OOA model by

directions of associations

comments

visibility of attributes and operations
class attributes and operations

embeddings to legacy / DB systems
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Class attributes and operations

e have to be removed with OODB

e — introduce auxiliary class

OOA OOD
Account
Account "
average U
1
AccountC
average
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User-defined attribute types

Elementary classes include in OOD model if multiple uses

OOA
Company Person
address : AddressT address : AddressT
OOD C
Company ! AddressT 1 Person
<>>—{ street —>
town
state
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Enumeration types

OOA

Polygon

OO0D

color

Polygon

«enumer ation»
Color
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Embedding a relational DB

OO-layer transforms
1. classes — relations
2. associations — secondary keys
3. inheritance — system of relations
4. compound types — base types

5. optimistic — pessimistic transactions

6. O0-access methods — SQL
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Classes — relations

Person

Person

no

first name
name

OID

no |first name| name

e map attribute type to SQL type
e add column for OID

e identify optional attributes

e index

201

create table Person

( 0ID number (8) not null,
no number (8) not null,
first_name char(20),
name char(20) not null,
primary key (no)

);

create secondary index Personlndex

on Person(name) ;



Associations — secondary keys

e 1 : m-association:

K1

Al
A2

K2

A3
A4

e n :m-association (n,m > 1):

K1

Al
A2

K2

A3
A4
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K1
OID1| Al | A2
K2
OID2| A3 | A4 |0OID1
K1 K1-2
OID1| A1 | A2 OID1|0ID2
K2
OID2| A3 | A4




Inheritance — systems of relations

1. one relation per class

e each relation contains primary key

e additional attribute determines subclass

e small schema but information dispersed (efficiency?)

Person

Name

Customer

Employee

Sales

Wage

2903

Person
OID Name | Group
27 May Cust.
42 | Nolan Emp.
Customer Employee
OID | Sales OID | Wage
27 3212 42 4619




2. move superclass attributes to subclasses

Customer Employee
OID | Name | Sales OID | Name | Wage
27 May 3212 42 | Nolan 4619

e suitable if superclass has few attributes

o 3NF
3. move subclass attributes to superclass
Person
OID Name | Group Sales | Wage
27 May Cust. 3212 | NULL
42 | Nolan | Emp. | NULL | 4619

e suitable if few subclasses with few attributes
e violates 3NF

4. one relation / class + relation for inheritance — multiple inheritance
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4.3.2 Implementation Design

Elimination of multiple inheritance

1. Aggregation of roles

Vehicle Vehicle
location location
speed speed
move()
i I;
‘ U 1..2
Role
Airplane Ship
max. altitude draught move()
move() move()
Seaplane Airplane Ship
max. altitude draught
move() move() move()
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2. Flattening heterarchy — hierarchy

296

Vehicle
location
speed
move()

/\

Airplane Seaplane Ship
max. altitude max. altitude draught
move() draught move()

move()




Elimination of inheritance

e languages w/o inheritance: Ada, C

e transfer all attributes and operations from superclasses into each

“class”

Airplane Seaplane Ship
location location location
speed speed speed
max. altitude max. altitude draught
move() draught move()

move()
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Further tailoring to PL

e identifier conventions
e base types

e administrative operations (constructors, destructors, initialization,
management of associations and aggregations, access and update of
attributes)

e container classes

e visibility

e transfer object lifecycles (FSM) to algorithms
viz. the state pattern below
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Elaboration of sequence diagrams

op()

[x>0] op1(x)

[x<0] op2(x)

e

*[i=1..10] op3())
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